Conventional 
_____________________________________________________________________ 380 380 mixture of 40% glass (73%SiO 2 2%Al 2 O 3 14%Na 2 O10%CaO), 50% quartz sand (96 -98 % silica) and 10% sodium metasilicate, Na 2 SiO 3 , also known as waterglass or liquid glass (formulated as Na 2 SiO 2 (OH) 2 ·4H 2 O), was packed in the gap between the two boxes. The container is then pushed into the hot zone of a stainless steel tube horizontal sintering furnace. When heating occurs, at 100-105°C sodium silicate loses water molecules, and, at approximately 810°C, the mixture melts, to form a glass seal. This isolates the reversed inner container (gasholder) from the furnace atmosphere, allowing a slight overpressure at temperatures above 810°C. The thermodynamically calculated oxygen partial pressure in the semi closed container should be below ~ 10 -12 Pa in order to have reducing conditions during sintering at 1120°C of e.g. steel powder pre-alloyed with 1.5% Cr. During cooling, the viscosity of the glass-forming liquid increases by many orders of magnitude, which thus acts as a "cut off valve" from the furnace atmosphere. It can cause oxidation of the specimens, as the stability of the oxides is shifted to lower oxygen pressures when the temperature decreases [20] . The micro atmosphere in the inner box may be positively modified by the introduction of volatile materials. When graphite is added, conditions are reducing at higher oxygen partial pressures (up to ~10 -10 Pa). In the experiments now reported the donor of C was solid naphthalene, producing nascent carbon with a much higher chemical activity than graphite [21, 22] . The micro atmosphere was further modified by the introduction of a 15 g ferromanganese lump and small amounts of ammonium iodide (NH 4 I) and sodium carbonate (Na 2 CO 3 ) as activators/energizers. Mn undergoes intensive evaporation above 700°C, and oxidizes preferentially (and benignly) in high temperature exposures to oxygen and/or water vapour. The reduction in chromium activity leads to a predicted reduction in alloy oxidation by as much as a factor of about 2 [23] .
This arrangement produces a micro atmosphere with sufficient manganese for "selfcleaning", "gettering", and nascent carbon to minimise/avoid the loss of carbon from the compacts, and importantly also for chemical reactions [19] within the semi closed container.
The experimented furnace atmospheres examined were technical nitrogen (Air Products, grade B, 99,5%N 2 , 0,5%O 2 , 25 ppm H 2 O), mixture 95%N 2 /5%H 2 with an inlet dew point below -60°C (<15 ppm H 2 O), with a gas flow of ~0.2 cm 3 min -1 per cm 2 of furnace tube cross sectional area, or air. To test the efficacy of the novel system, a hybrid steel Fe-0.5C-1.4Cr-1.3Ni-0.7Mn-0.2Mo-0.2Si was investigated. Results for sintering in nitrogen are presented (Tab. I). Höganäs Astaloy CrL (Fe-1.5Cr-0.2Mo-0.2%O), commercial Elkem low carbon ferromanganese (77Mn-1.3C-balance Fe, particle size <20 μm, 0.6% O, supplier ERATEM Sauda, Norway), ferrosilicon Fe-45%Si, (type 44.0, particle size <45 μm, 0,8%O, supplier OFZ Istebné, Slovakia), electrolytic Ni powder ( particle size <45 μm, supplier Shanghai Zhuoerhui Industrial Co. Ltd.) and ultra fine Höganäs CU-F graphite (99.5% purity) were the starting powders. Turbula mixing (metal powders + 0.55% graphite) and die compaction at 660 MPa was of of ISO 2740, TS, dogbone and transverse rupture strength, TRS, specimens. The compacts were heated to the sintering temperature, 1120 or 1250 °C, at a rate of 75°C/min, held for 60 minutes and cooled, in the temperature range of 1100-500°C, at approximately 64°C/min.
Chemical analyses for oxygen, nitrogen and carbon in the starting powder and in the sintered alloys, before and after tempering, measured on at least 3 specimens, were carried out according to ASTM E 1019-2 on a Leco apparatus: TC-336 and CS-125, respectively. The starting oxygen content,0.29%, decreased to 0.202%, whilst C changed from 0.6% to 0.554% and nitrogen from 0.005% to 0.045%. The measured properties were: green (6.79±0.03 g/cm 3 ) and sintered (6.84±0.03 g/cm 3 ) densities (MPIF Standard 42), 0.2% offset yield strength, σ Y , tensile strength, TS, strain-to-failure, A, bend strength, BS (calculated from TRS values taking account of plasticity [24] ) and apparent cross-section hardness, HV30. Standard PN-EN ISO 2740 tensile specimens were tested on a MTS 810 servo-hydraulic machine at a strain rate of 5×10 -4 s -1 . The same specimen types (ISO 2740) were tested in three-point bending (beam depth t = 6 mm, width w = 6 mm, span l = 28.6 mm) to determine the (apparent) transverse rupture strength, TRS. These tests were conducted on a W."Fritz Heckert" type 2010/90 machine equipped with a three point bending jig at a crosshead speed of 2 mm/min. Specimens sintered in an open boat in an atmosphere of 95%N 2 /5%H 2 were used as the reference material. The new results presented are for sintering in the furnace atmosphere of nitrogen, Not specified are enhanced by sintering in the micro atmosphere, significantly at 1250°C. Especially noteworthy is the figure of over 4% for the strain to failure. Other furnace gases were employed and, even for air, the properties compare very favourably with standard specifications for structural PM parts. It should be added that higher sintering temperatures, to increase density and hence strength, are easily attainable in air furnaces used for sintering ceramics. Accordingly this sintering method seems worthy of industrial application.
